Abstract. Ion trap mass spectrometry (ITMS) was used to obtain further qualitative information about the chemical composition of humic-like substances (HULIS) in atmospheric particulate matter. Particles ≤10 µm (PM 10 ) were collected on quartz fiber filters for 24 h in the region of Basel (Switzerland) and extracted with water. HULIS were separated from inorganic salts by size exclusion chromatography (SEC) and detected by electrospray ionization in the negative ion mode (ESI(−)). Series of consecutive fragment ion spectra (MS n ) were recorded by ITMS. Full scan mass spectra of the extracts showed a mass distribution pattern characteristic for HULIS. Different molecular ions were selected from this pattern for further fragmentations. Among them the molecular ion m/z 299 was considered as representative and intensively studied. Many MS 2 and MS 3 fragment spectra contained a fragment m/z 97 and a neutral loss of 80 u. Time-of-flight (TOF) MS and deuterium exchange experiments identified m/z 97 as hydrogen sulfate. MS 2 and MS 3 fragment spectra supported the existence of sulfate covalently bound to HULIS. The fragmentation behavior of sulfated HULIS could be confirmed by model compounds.
Introduction
Particulate matter in the atmosphere has an important influence on atmospheric processes and on our climate. Atmospheric aerosols have a direct effect on solar radiation mainly due to absorption and scattering (Brimblecombe, 1996; Seinfeld and Pandis, 1998; Jacobson et al., 2000) . They can cause a warming or cooling effect depending on size, optical properties, chemical composition and abundance. Currently, a global cooling effect of ca. −0.5 to −2.0 Wm −2 is assumed (Seinfeld and Pandis, 1998; Jacobson et al., 2000) . Furthermore, atmospheric aerosols influence the climate indirectly by acting as cloud condensation nuclei (CCN) (Novakov and Penner, 1993; Seinfeld and Pandis, 1998 ). An increased emission of aerosols to the atmosphere generates a higher concentration of CCN, which, in turn, provokes a higher concentration of droplets with smaller radii in clouds. The result is an increased reflection of solar radiation from these clouds back to space and hence a cooling effect. Furthermore, the cloud size and its lifetime may also increase (Seinfeld and Pandis, 1998) . Responsible for the cloud condensation effect of atmospheric aerosols are mainly water-soluble organic substances and inorganic salts, especially sulfate (Novakov and Penner, 1993; Seinfeld and Pandis, 1998) . The content of sulfate in atmospheric aerosols can reach 39% of all water-soluble species (Kiss et al., 2000) . Sulfate is directly emitted or generated by oxidation of sulfur dioxide (SO 2 ), dimethyl sulfide and hydrogen sulfide (Brimblecombe, 1996) . Dominant natural sources include weathering of rocks and soil, volatile biogenic sulfur emissions from land and oceans as well as volcanoes. Combined natural sources are estimated to release globally between 80-120 ×10 6 t of SO 2 . In 1995 global anthropogenic SO 2 emissions were estimated to 142 × 10 6 t (UNEP, 2002). Around 175 × 10 6 t of sulfate are transferred annually from the oceans to the continents (Brimblecombe, 1996) .
A considerable effort has been undertaken to characterize the chemical composition of atmospheric aerosols. Currently, inorganic components are well studied. Many non-polar compounds of the water-insoluble fraction have also been characterized (Jacobson et al., 2000) . However, little is known about polar and water-soluble organic compounds (WSOC), which account for 20 to 70% of the total organic carbon (Saxena and Hildemann, 1996; Facchini et al., 1999; Kiss et al., 2000; Krivacsy et al., 2001) . Polycarboxylic acids or humic-like substances (HULIS) constitute around one quarter of the WSOC (Fuzzi et al., 2002) and have been mainly studied by spectroscopic methods such as NMR, UV/VIS and fluorescence spectroscopy (Zappoli et al., 1999; Fuzzi et al., 2001; Suzuki et al., 2001) . Polycarboxylic acids were identified by high performance liquid chromatography (HPLC) in combination with UV/VIS detection (Fuzzi et al., 2002) . A recent study identified polymeric compounds as a major part of atmospheric organic aerosols using laser desorption ionization mass spectrometry (Kalberer et al., 2004) . Moreover, the average molecular weight of HULIS isolated from fine atmospheric aerosols was estimated (Kiss et al., 2003) . Identification of single compounds was attempted by comparing MS/MS fragment spectra of model compounds with HULIS (Cappiello et al., 2003) . Nevertheless, a much more detailed characterization by mass spectrometry is necessary for a better understanding of the chemical nature of HULIS.
This work had the aim to obtain more structural information of HULIS by electrospray ionization mass spectrometry in the negative ion mode (ESI(−)-MS). ESI provides soft ionization and little fragmentation of labile compounds. Substructures of HULIS should be investigated by further fragmentation. For this purpose an ion trap mass spectrometer and multiple mass spectrometry (MS n ) were used in combination with size exclusion chromatography (SEC) to separate HULIS from inorganic salts and other WSOC. The combination of mass spectrometry and SEC should offer considerable advantages concerning isolation and detection of HULIS as well as its structural characterization compared to off-line methods of sample pretreatment.
